Proinflammatory cytokines, including interleukin (IL)-1beta, are suggested to have a role in the pathogenesis of major depressive disorder (MDD) and be related to the therapeutic effects of antidepressants. To elucidate a genetic predisposition of MDD, we studied biallelic polymorphism in the promoter region (position -511) of the IL-1beta gene in 157 patients with MDD and in 112 controls. We also examined the association of this polymorphism and fluoxetine therapeutic response in 119 MDD patients who received a 4-week fluoxetine treatment. No significant difference was found in the genetic polymorphism between MDD patients and controls. However, MDD patients who were homozygous for the -511T allele of the IL-1beta gene had a trend of less severity of depressive symptoms and more favorable fluoxetine therapeutic response than -511C carriers. Further study with a larger sample is needed to clarify the role of the IL-1beta genetic polymorphisms in the symptoms and treatment effects in MDD.
INTRODUCTION
Major depressive disorder (MDD) has a complex etiology with biological, psychological, and environmental components, and has been associated with impaired immune function and increased susceptibility to infectious disease. Cytokines, a heterogeneous group of pleiotropic polypeptides, are closely associated with the immune system and the inflammatory process. Cytokines also have various functions in the brain. Peripherally released cytokines can be transported from the blood into the brain by active transport systems. The activated glial cells can produce cytokines by a feedback mechanism and the cytokines can strongly influence the monoaminergic neurotransmitter systems (Muller and Ackenheil, 1998) . Recently, increasing data have suggested that cytokines may be involved in the pathophysiology and the somatic consequences of MDD (for review see Licinio and Wong, 1999; Dantzer et al, 1999) .
Among the cytokines, animal studies and clinical studies have demonstrated that interleukin (IL)-1beta, a major proinflammatory cytokine, may have a special role in the pathogenesis and somatic consequences of MDD, as well as in the effects of antidepressant treatment. Exogenous administration of IL-1beta to rats has been found to produce some depressive-like symptoms including anorexia, disturbed sleep pattern, and anhedonia (Connor and Leonard, 1998) , which are also found in humans treated with cytokine immunotherapy (Capuron et al, 2000) . Connor and Leonard (1998) also found that these behavioral changes were concurrently associated with an activation of hypothalamic pituitary adrenal axis activity, a phenomenon commonly found in MDD patients. These behavioral changes induced by IL-1beta could be attenuated by antidepressant treatment (Castanon et al, 2001) . Additionally, intracerebroventricular administration of an IL-1 receptor antagonist (Maier and Watkins, 1995) can block the development of the behavioral deficits in a learned helpless model of depression.
IL-1beta levels have been examined under several experimental conditions in MDD patients. Some of the results showed an increase in the blood or cerebrospinal levels of this cytokine in depressed patients (Levine et al, 1999; Anisman et al, 1999; Owen et al, 2001) . Furthermore, cerebrospinal IL-1beta levels were correlated with the severity of depression (Levine et al, 1999) , age of onset (Anisman et al, 1999) , and duration of illness (Anisman et al, 1999) . However, several studies have found that the IL1beta levels were unchanged in MDD patients (Rothermundt et al, 2001; Kagaya et al, 2001; Brambilla and Maggioni, 1998) and were not correlated with the severity of depression (Rothermundt et al, 2001) . Furthermore, Weizman et al (1994) found a significant reduction in IL-1beta production in untreated MDD patients compared to normal controls and a significant increase of IL-1beta synthesis after drug treatment.
Considering the close relation between IL-1beta and MDD, the IL-1beta gene may therefore be considered a candidate gene for the investigation of MDD. In 1992, Pociot et al identified a biallelic (C/T) polymorphism in the promoter region (position -511) of the IL-1beta gene (Locus: 2q14) and demonstrated that -511T homozygous individuals secreted significantly more IL-1beta than heterozygous individuals, who secreted significantly more than -511C homozygous individuals. In this study, we investigated the possible association of this polymorphism with MDD and its clinical symptoms as well as therapeutic response.
METHODS
The study was an add-on to another research project (Yu et al, 2002) and was approved by the Institution Review Board in Veteran General Hospital-Taipei. A total of 157 psychiatric outpatients (age range 18-79 years) who met the Diagnostic and Statistical Manual of the American Psychiatric Association (DSM-IV) criteria for MDD were studied. The diagnoses were based on clinical interview. Other inclusion criteria were: (1) a minimum baseline score of 18 on the 21-item Hamilton Depression Rating Scale (HAM-D) (Hamilton, 1967) and (2) presence of depressive symptoms for at least 2 weeks before entry into the study, without antidepressant treatment (patients were fresh cases or had quit antidepressant for more than 2 weeks). Exclusion criteria were additional diagnoses on Axis I (including substance abuse, generalized anxiety disorders, panic disorders, or obsessive compulsive disorders) of the DSM-IV, personality disorders, pregnancy, attempted suicide, and major medical and/or neurological disorders. In all, 112 normal controls, who were recruited mostly from the medical staff and were interviewed to rule out psychotic or mood disorders, were included for association study. The assessment of MDD patients and controls was done by a senior psychiatrist (YWY). The sample consisted entirely of ethnic Han Chinese, with informed consents obtained from all participants.
Of the 157 MDD patients, 119 (male: 70; female: 49; mean age 44.6 (16.4) years) took fluoxetine (range: 20-60 mg/day; mean 30.6 (10.4) g/day) and received treatment efficacy evaluation with the HAM-D before and after the 4-week fluoxetine treatment by one investigator (YWY), who was blinded to the patient's genotype. Therapeutic response was evaluated by the percentage score reduction in total HAM-D scores ((baseline scoreÀ4-week score) Â 100/baseline score). 'Responders' were defined as having a minimum of 50% reduction of the initial HAM-D total score after 4 weeks of fluoxetine treatment and 'remitters' were defined as subjects having a HAM-D total score of 7 or less points after 4 weeks of mediation.
Genotyping of the C-511T polymorphism of the IL-1beta gene was performed using a polymerase chain reaction (PCR)-restriction fragment length polymorphism (RFLP)-based method described by Mansfield et al (1994) . Briefly, a 304-bp PCR fragment of the IL-1beta promoter region was amplified using the following primers: 5 0 -TGGCATT-GATCTGGTTCATC-3 0 and 5 0 -GTTTAGGAATCTTCC-CACTT-3 0 . The products were digested with AvaI on a 2% ethidium bromide-stained agarose gel. This gave products that either remained intact (-511T allele) or were cut into two fragments of 190 and 114 bp (-511C allele). The potential problems of partial digestion and PCR contamination were monitored using a control sample with C/C genotype and a blank, respectively, in each batch of the experiment.
The categorical data were analyzed using the w Since administration of IL-1beta to rats has been found to produce some depressive-like symptoms including anorexia and disturbed sleep pattern (Connor and Leonard, 1998) , we compared the baseline total and specific HAM-D scores (insomnia and somatic GI symptoms) among three genotypic groups in 119 MDD patients ( Table 2 ). The baseline total HAM-D score and score on the 'early insomnia' item were different among the three genotypic groups (p ¼ 0.012 and 0.029, without correction for multiple comparisons). Further analysis demonstrated that patients homozygous for -511T had lower scores than patients who were -511C allele carriers in baseline total HAM-D score and score on the 'early insomnia' item. The HAM-D score change after 4 weeks of fluoxetine treatment was not significantly different among the patients in the three genotypic groups; however, a trend between the percentage of patients with a response to treatment, as measured by improved HAM-D score, and the number of À511T allele was found (À511C/C: 18.9%; À511C/T: 37.7%; À511T/T: 46.2%; p ¼ 0.081) ( Table 2 ). Only four patients were 'remitters' and the percentage of the 'remitters' was not significantly different among the three genotype groups (Table 2) . No significant correlation was found between HAM-D score change and patient's age or fluoxetine dosage.
DISCUSSION
In this study, MDD patients who were homozygous for the IL-1beta gene -511T had a trend of lower baseline 'early insomnia' and total HAMD-scores (less severity), and of favorable response to fluoxetine treatment than patients of the other two genotypic groups. There are several implications of these findings. First, a previous study showed that -511T homozygous individuals secreted more IL-1beta than heterozygous individuals, who secreted significantly more than -511C homozygous individuals (Pociot et al, 1992) . If this phenomenon is also present in our population, it indicates that patients with more IL-1beta production had less severe depressive symptoms. This is in contrast with the finding that IL-1beta levels were positively correlated with the severity of depression (Levine et al, 1999) and that IL1beta administration could disturb sleep (Connor and Leonard, 1998) . Since our study is a preliminary study and no correction was made in the obtained p-values for multiple testing. If we take multiple testing into account (eight tests, Table 2), the threshold of 5% significance should be about 0.063. After correction for multiple testing, the study is negative and there are no statistical results. Future studies with larger samples, including baseline plasma or CSF IL1-1beta levels, are needed to test these hypotheses. Second, our results may indicate that only a linkage disequilibrium between the -511T allele and a different mutation in the IL-1beta gene, or another nearby gene exists in MDD patients. Third, the association of the IL-1beta genetic polymorphism and depressive symptoms may be more prominent in some subtypes of MDD patients. Nelson et al (1999) compared depressive behaviors in adult and aged mice after central injection of IL-1beta and found that centrally administered IL-1beta depressed food intake more in aged mice than in adult mice. This finding suggests that the association between IL-1beta and depressive symptoms may be more prominent in geriatric MDD patients. Finally, homozygous for the IL-1beta gene -511T had a trend of favorable response to fluoxetine treatment than patients of the other two genotypic groups. Future studies using larger samples are needed to resolve fully the question of the possible involvement of IL-1beta genetic polymorphism in therapeutic response.
This study found no association between MDD and the studied IL-1beta genetic polymorphism. Our negative findings suggest that the IL-1beta gene C-511T polymorphism is not to be involved in MDD susceptibility. It is also possible that additional variants of the gene, not detected by analysis of this C-511T polymorphism, may influence the development of MDD. Another possible explanation for the lack of association demonstrated for this IL-1beta gene polymorphism and MDD is the phenotypic heterogeneity characteristic of MDD (Winokur, 1997) . If the IL-1beta gene is an uncommon disease locus for MDD or one of the relatively modest effects, our power to detect the gene would be reduced. Since depression is commonly found in autoimmune diseases (Utset et al, 1994; Elsehety and Bertorini, 1997) or in patients who receive cytokine immunotherapy (Capuron et al, 2000) , it would be of interest to determine whether genetic polymorphisms of 
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cytokines may be associated with the development of depression in these patients. One limitation of the present study is that the duration for fluoxetine evaluation is 4 weeks, which is the minimal time expected for a treatment response and we may only identify rapid responders, not all responders, to fluoxetine treatment. Further study with longer observation period is needed to identify all responders. Another limitation is that the diagnosis of MDD was based on a clinical interview instead of a structured diagnostic interview. Further, the control group is only screened for psychotic or mood disorders in our study, without assessment for family history or other psychiatric problems that are often comorbid with MDD, which may decrease the power to find difference between the control and MDD groups.
To our knowledge, this is the first genetic study of genetic polymorphism of cytokines in MDD. Our preliminary results suggest that the IL-1beta gene C-511T polymorphism may be related to the severity of MDD and to early insomnia in MDD patients. It is also possible that the IL-1beta genetic polymorphism plays a role in the antidepressant therapeutic response. Furthermore, previous studies have found that other cytokines are related to depressive symptoms or therapeutic effect. For example, a recent report found that pretreatment mononuclear cell IL-6 level was significantly lower in patients who were antidepressant responders compared with those who were antidepressant nonresponders (Lanquillon et al, 2000) . Maes et al (1993 Maes et al ( , 1995 demonstrated that plasma concentrations of IL-6 were significantly higher in MDD subjects than in healthy controls and IL-6 activities were positively correlated with postdexamethasone cortisol values. These findings suggested that other cytokines, such as IL-6, could be of candidate genes for future studies in MDD.
